Purpose Injudicious attempts at resection and extensive sampling of large colorectal adenomas prior to referral for endoscopic resection (ER) are common. This has deleterious effects, but little is known about the outcomes following ER. We retrospectively analysed the outcomes of ER of large adenomas previously subjected to substantial manipulation. Method ER of large (≥ 2 cm) colorectal adenomas were grouped according to level of manipulation: prior attempted resection, heavy manipulation (≥ six biopsies or tattoo under lesion) or minimal manipulation (< six biopsies). Outcomes were compared between groups. Independent predictors of outcomes were identified using multiple logistic regression. Results Five hundred forty-two lesions (mean size 53.7 mm) were included. Two hundred sixty-five (49%) had been subjected to prior attempted resection or heavy manipulation, 151 (28%) to minimal manipulation, and 126 (23%) were not previously manipulated. ESD techniques were used more frequently than EMR after substantial manipulation. There were no differences in initial success of ER (99%, 98%, 98%, p = 0.71). Prior attempted resection was independently associated with recurrence (OR 2.2, 95% CI 1.1-4.5, p = 0.03) and negatively associated with en bloc resection (OR 0.29, 95% CI 0.1-0.7, p = 0.004). Regardless of level of prior manipulation, there were no differences in sustained endoscopic cure with > 95% of patients overall free from recurrence and avoiding surgery at last follow-up. Conclusion There is a substantial burden of injudicious lesion manipulation before referral, which makes recurrence more likely and en bloc resection less likely. However, with appropriate expertise, sustained successful endoscopic treatment is achievable for the vast majority of patients treated in a specialist unit.
Introduction
Endoscopic resection (ER) of large colorectal adenomas allows organ preserving curative treatment for the vast majority of patients. It has been shown to be safe and effective and is practised throughout the world in the form of endoscopic mucosal resection (EMR) and, in certain specialist centres, in the form of endoscopic submucosal dissection (ESD) [1, 2] . Although EMR and piecemeal EMR (pEMR) are associated with a significant rate of residual or recurrent adenoma, this can almost always be treated with further ER thereby allowing most patients to avoid surgery [3] .
However, there are significant differences in practice between eastern and western expert centres. In Japan, experts advocate the use of magnification colonoscopy and chromoendoscopy for in vivo diagnosis of lesions to guide the choice of resection technique and stress the importance of avoiding unnecessary biopsy of lesions to prevent submucosal fibrosis [4] . Japanese experts also routinely perform ESD, whereas few western centres have incorporated ESD into their standard practice. Expertise in lesion assessment and appropriate lesion selection among western endosocopists is likely to be very different, and many patients in western practice are referred to expert centres after prior injudicious failed attempts at resection or heavy manipulation in the form of extensive tissue sampling or injection of tattoo into the base of the lesion. The resulting profound submucosal fibrosis makes ER challenging and increases the risk of complications [5] [6] [7] [8] [9] .
Despite this, little is known about the scope of the problem of prior heavy manipulation and the outcomes of ER of these challenging lesions. Several small series have examined the feasibility of ER for residual or recurrent lesions after an initial ER, demonstrating that this can successfully be performed in the majority of cases [10] [11] [12] [13] [14] [15] . However, many of these series examine the use of only a single technique or are reports from expert eastern centres using only ESD. There are very few data comparing outcomes between patients subjected to substantial prior manipulation and those with minimal manipulation, and no such comparative studies from western units using both EMR and ESD techniques, which is useful to aid resection of these challenging lesions [14, 16] .
In this study, we aimed to report the outcomes of ER of large (≥ 2 cm) colorectal adenomas previously subjected to prior attempted resection, extensive biopsy sampling or tattoo placed beneath the base of the lesion and to compare outcomes between these patients and those subjected to minimal manipulation (< six biopsies).
Materials and methods

Setting
Our unit is a tertiary referral service for ER of colorectal lesions. We retrospectively analysed all patients identified from a prospectively maintained database of resections between January 2010 and August 2017. Only ERs of lesions 20 mm or larger were included.
Procedures
Our approach to assessment and resection has been previously described [17, 18] . Procedures were generally performed using conscious sedation and analgesia with intravenous midazolam and fentanyl administered by the endoscopist, and patients were discharged home on the day of the procedure.
Lesions were assessed with chromoendsocopy using indigo carmine and magnification colonoscopy (colonoscopes: CF-H260AZL Olympus, Tokyo, Japan and EC-600Z, Fujifilm, Düsseldorf, Germany) and classified according to Kudo pit pattern and vascular pattern (Showa classification) [19, 20] . Selected lesions were also evaluated with variable high-frequency miniprobe ultrasound (Fujifilm) to evaluate for submucosal invasion. All lesions were considered for endoscopic resection except those with invasive cancer > T1 (Kudo type Vn pit pattern, sparse vascular pattern, at least muscularis propria invasion on high-frequency miniprobe colonoscopic ultrasound) for which surgery was advised.
The techniques used for resection included ESD, hybrid ESD and EMR or piecemeal EMR (pEMR). The decision for resection technique was based on the patient and lesion characteristics specific to each, bearing in mind our general considerations when undertaking ER [21] . Figure 1 shows examples of heavy prior manipulation and treatment decisions.
EMR and piecemeal endoscopic mucosal resection (pEMR) were performed using a sequential injection and resection technique. The submucosal injection consisted of succinylated gelatine (Gelofusine; B. Braun, Crissier, Switzerland) with adrenaline diluted to 1:100,000 and dyed with methylene blue or indigo carmine. A variety of snare types as appropriate to the lesion was used. ESD was performed using an Olympus PCF Q260JL with ST distal hood (Fujifilm) and the FlushKnife (Fujifilm). The ERBE VIO 300D electrosurgery device (Erbe Elekromedezin, Tübingen, Germany) was used for all procedures with appropriate settings depending on the resection technique. For lesions with profound submucosal fibrosis, argon plasma coagulation (APC) was sometimes used as an adjunctive measure after resection of visible adenoma (not to ablate visible residual tissue), although this was dependent on the endoscopist's preference at the time of resection.
Patients underwent surveillance endoscopy at 3-6 months and 12 months, and thereafter were placed on a surveillance program as per national guidelines for adenoma surveillance if appropriate [22] .
Data collection
Data collected included patient demographics, previous manipulation in the form of prior attempts at resection, biopsy sampling or tattoo placed under the lesion, lesion location, size, morphology, Kudo pit pattern, high-frequency miniprobe ultrasound findings, type of resection, previous intervention, achievement of en bloc resection, intraprocedural bleeding, use of adjunctive argon photocoagulation, complications, histopathology findings, recurrence, treatments for recurrence and any surgery.
Definitions
Prior attempts at resection included any prior endoscopic or surgical (transanal resection, transanal endoscopic microsurgery or transanal minimally invasive surgery) attempt. Heavy manipulation was defined as ≥ six biopsies or tattoo placed under the lesion (tattoo had to be visualised in the submucosa directly beneath at least part of the lesion to be included) and minimal manipulation zero to five biopsies. For invasive cancer, invasion ≥ 1000 μm from the muscularis mucosa was deemed massive submucosal invasion (equating to Kikuchi ≥ sm2), generally considered an indication for radical surgery [23] . Recurrence or residual adenoma for this study was defined as any evidence of adenoma occurring at the scar from previous ER at any surveillance endoscopy (examined with magnification chromoendoscopy and NBI). For complications, both medical and procedure-related complications were included. Post-procedure bleeding was considered a complication if it resulted in any presentation to a healthcare professional, including emergency departments or admission to hospital. Any muscle (muscularis propria) injury requiring additional non-routine management, including unplanned or extended antibiotic treatment, unplanned admission to hospital for observation and/or surgery, was considered a complication.
Outcomes included initial successful ER, en bloc resection, complications and adenoma recurrence. Fig. 1 Examples of heavy prior manipulation, endoscopic treatment and outcome. a-f A low rectal lesion encroaching on the anal canal which was previously subjected to transanal endoscopic microsurgery (TEM). Initially successfully treated by piecemeal endoscopic mucosal resection (pEMR) with no recurrence after 12 months (c). However, 5 years later, the patient is found to have a large recurrent laterally spreading tumour (LST) (d, e). A very challenging endoscopic submucosal dissection is performed resulting in en bloc resection and no recurrence at the healed scar (f). g-l A large rectal LST granular mixed nodular type was referred after multiple repeated endoscopies to obtain tissue samples which all showed adenoma. The lesion has had tattoo injected at the base (g) and has multiple large profoundly scarred areas (i), perhaps in keeping with Bsnare biopsy^. ESD was undertaken and en bloc resection achieved (j, k), resulting in a healthy scar with no recurrence at 18 months follow-up (l). m-r A low rectal lesion referred after three prior failed attempts at resection. The profound fibrosis is obvious (m), and hybrid ESD is used to resect the lesion (n). A 20-mm recurrence is detected at 12 months (o) which is resected en bloc using ESD (p, q) with a resulting scar with no evidence of recurrence at surveillance (r). s-x A lesion after prior TEM and multiple attempts at endoscopic resection as well as argon plasma coagulation ablation. Profound scar is evident even before resection (s). En bloc ESD resection is performed (t, u). Nevertheless, a small recurrence is found at 18 months and resected by hybrid ESD (v, w), and then a further recurrence (x), although distant to the healing ulcer from prior resection. y-aa An ascending colon LST subjected to multiple prior attempts at resection. Profound scar is clear around the margin of the lesion (y). The lesion is resected by hybrid ESD, but there is a small recurrence embedded in fibrosis (z) which is resected by EMR with a good result at subsequent surveillance (aa). ab-ad A rectal lesion referred after a failed attempt at resection. The lesion is embedded in profound fibrosis (ab) but is successfully resected by hybrid ESD (ac) with no evidence of recurrence at the scar on surveillance (ad)
Statistical analysis
Results are reported using means and standard deviation for continuous variables and frequencies for categorical variables. Comparisons were made using t test to compare means and Χ 2 test to compare categorical variables. Factors associated with outcomes identified as significantly different between groups were sought, and those with p < 0.1 on univariate analysis were subjected to multiple logistic regression to identify independent associations.
Ethical approval for this study was granted by the National Research Ethics Committee.
Results
ER was attempted for 580 colorectal lesions ≥ 20 mm. After excluding procedures for recurrent adenomas after initial resection at our institution, 532 of 542 lesions (98%) were successfully resected. The mean lesion size was 53.7 mm ± 29.6 mm. Mean patient age was 71.4 years.
Two hundred sixty-five lesions (49%) had been subjected to prior failed attempts at resection or heavy manipulation, 151 (28%) to minimal manipulation, and 126 (23%) were not previously manipulated. Table 1 shows the number of prior attempts at resection for all lesions, including those subjected to both transanal surgery and endoscopic therapy. The mean number of prior attempts at resection was 1.5. Table 2 shows the patient and lesion characteristics according to the level of prior manipulation. Lesions subjected to prior failed attempts at resection were larger than those with minimal sampling (58.6 mm versus 45.2 mm, p < 0.001) as were those with heavy manipulation compared to minimal sampling (65.7 mm versus 45.2 mm, p < 0.001). Prior attempts at resection were more common for rectal lesions compared to more proximal lesions, and flat lesions were more likely to have been subjected to prior failed attempts at resection than those with a polypoid or nodular component (OR 2.37, 95% CI 1.52-3.7, p < 0.001). ESD techniques were used more commonly than EMR to resect lesions after prior attempts at resection compared to those with minimal manipulation (OR 2.2, 95% CI 1.3-3.5, p = 0.002) and those with heavy manipulation compared to minimal manipulation (OR 1.8, 95% CI 1.1-2.9, p = 0.01).
There were no differences in the rates of successful initial ER between groups (Table 3) . However, en bloc resection was significantly less likely in those with prior attempts at resection compared to those with minimal manipulation (OR 0.2, 95% CI 0.1-0.4, p < 0.001) as well as compared to those with heavy manipulation (OR 0.3, 95% CI 0.2-0.7, p < 0.001). Patients with prior heavy manipulation were significantly more likely to experience complications than those with minimal prior manipulation (OR 4.6, 95% CI 1.6-13.4, p < 0.001), although there were no differences between those with prior failed attempts at resection compared to those with minimal manipulation (OR 1.6, 95% CI 0.4-6.6, p = 0.55).
Adenoma recurrence or residual adenoma was significantly more likely for those with prior failed attempts at resection compared to those with minimal manipulation (OR 4.0, 95% CI 2.1-7.6, p < 0.001) and for those with heavy manipulation compared to minimal manipulation (OR 2.0, 95% 1.1-3.8, p < 0.001).
There were no differences between groups in the proportion of patients ultimately requiring surgery for any reason (p = 0.22).
Factors associated with outcomes identified as significantly different between groups (complications, en bloc resection and recurrence) were sought and those with p < 0.1 on univariate analysis were subjected to multiple logistic regression to identify independent associations (Table 4) . Prior failed attempt at resection, EMR, large lesion size (> 40 mm) and use of adjunctive APC were all negatively associated with en bloc resection, while ESD and a polypoid component were independently associated with a higher chance of en bloc resection. Recurrence was independently associated with prior failed attempts at resection, piecemeal resection, large lesion size (> 40 mm) and use of adjunctive APC.
Most recurrences were successfully treated endoscopically and after a median follow-up of 13 months (range 3-96 months), and the proportion of patients with initial successful ER and without massive submucosal invasion who were free from recurrence and had avoided surgery at last follow-up was similar between all groups and was over 95% overall.
Discussion
Submucosal fibrosis makes ER more challenging and may increase the risk of complications. Several series have identified submucosal fibrosis as an independent predictor of difficult ER, incomplete resection and perforation [5-8, 14, 24-26] . Despite this, there is very little published data on outcomes of ER of lesions subjected to prior substantial manipulation [14, 16] . The results of this study demonstrate that prior attempts at resection make en bloc resection significantly less likely and also increase the risk of recurrent or residual adenoma. They also require the use of more specialised techniques (ESD in our unit) more frequently than lesions with minimal manipulation. Nevertheless, with the necessary expertise and experience, similar proportions (> 95%) of patients are free from recurrence and have avoided surgery at the time of their last surveillance. The scope of the problem is difficult to define because of limited published data as well as the significant differences in practice in endoscopic assessment and resection between eastern and western endoscopists. Guidelines in Japan are very clear on the importance of in vivo optical assessment, frequently with the aid of magnification endoscopy, and the avoidance of even minimal biopsy sampling [4] . On the other hand, whilst western guidelines also caution against biopsy sampling (albeit less assertively), lesion assessment among general western endoscopists tends to be less standardised and consistent with a variety of descriptive terms used and perhaps a lack of awareness of the true risk of covert malignancy in different morphological sub-types of large colorectal lesions [27, 28] . This can lead to either injudicious attempts at resection or unnecessary biopsy sampling. Nevertheless, there is little indication of the proportion of patients referred to western expert centres after such attempts or heavy prior manipulation. Although it is almost never reported in the Japanese literature, it is certainly rare with one study reporting that only 7% of patients had prior ER and only 9% prior biopsy sampling [6] . From a western perspective, an early series from the Australian Colonic EMR (ACE) study reported that 11% of patients had undergone previous attempts at endoscopic resection, which was an independent risk factor for failure of endoscopic resection, and a more recent series from the same group reported that 82 of 641 (13%) lesions in the whole cohort had been subjected to prior attempted resection and a higher proportion had been biopsied [16, 29] . Other western reports are scarce. In the current study, we found very high levels of prior heavy manipulation in a large cohort of patients undergoing ER at a western expert centre. Almost half of the lesions had been subjected to prior substantial manipulation with many subjected to (often multiple) prior attempts at resection.
These high levels of prior manipulation undoubtedly affect the difficulty and outcomes of ER with far lower en bloc resection rates achievable for those with prior failed attempts at resection, in keeping with the results from other expert centres, and significantly higher recurrence rates [5, 8, 14] .
Despite this, and in contrast to other studies, the level of prior manipulation did not affect initial rates of successful resection or the proportion of patients ultimately subjected to surgery. Moreover, similarly high levels of long-term success were achieved regardless of level of prior manipulation with over 95% of patients who did not have invasive adenocarcinoma remaining free from recurrence and avoiding surgery at last follow-up. However, this success comes with the burden of more procedures ultimately required to treat those with substantial prior manipulation when ER for recurrence is taken into account.
Kim et al. reported higher recurrence and lower rates of en bloc resection after ER of prior manipulated lesions compared to naïve lesions. Although we also found that recurrence was more likely after a failed attempt at resection, this was less frequent than that reported by Kim et al. (53.8% versus 28.1%) . A potential explanation is suggested by the fact that in 50% of lesions subjected to prior snare resection, Kim et al. report the use of APC to ablate visible residual adenoma [14] . We generally use APC as adjunctive therapy after complete resection of visible adenoma, following a similar rational to those using snare tip soft coagulation after complete adenoma removal [16] . The lower recurrence in our study could also be explained by our treatment strategy, a pragmatic combination of eastern and western practices of assessment and resection which we have previously reported [17] . ESD techniques were used significantly more frequently in the resection of lesions after failed attempts at resection which, along with the routine examination of the post-resection defect with magnification, may help to ensure complete removal of visible adenoma. Recurrence in this study was similar to that reported by Tate et al. who found recurrence in 22% of non-lifting lesions at the first surveillance [16] .
ESD is not commonly performed in most western specialist centres. Although some western experts would argue that ESD has very limited applications, some have found the technique useful to aid resection of previously attempted or manipulated lesions by dissecting scarred areas or performing enough dissection to allow snare capture of a scarred area [15, 30, 31] . For this reason, and the fact that prior manipulation is probably more common in western practice, we believe that it is important to consider the outcomes of lesions subjected to prior attempts or heavy manipulation treated using the Breal-world^approach adopted by a modern western expert centre. This provides valuable data on expected outcomes for these patients. It may be possible in some Japanese expert centres to treat all these lesions with a primary ESD strategy, but in western centres, even those using ESD, it is far more likely that a variety of techniques will be employed to achieve clearance in these difficult lesions. Sub-analysing groups according to whether they were ultimately treated with ESD, hybrid ESD or pEMR would, in our view, give a false sense of the practicalities and outcomes of treating these challenging cases.
After multivariate analysis, heavy manipulation was not independently associated with failure to achieve en bloc resection or with recurrence, unlike prior attempted resection. It is possible that adequate adenoma clearance is achieved in cases after heavy manipulation with the use of techniques such as magnification to examine the resection defect, increased experience with EMR and employing ESD techniques in some cases, whereas these measures are not as effective in the presence of the degree of fibrosis encountered in previously attempted lesions.
It is interesting to note that Bflat^and rectal lesions were more likely to have been subjected to prior failed attempts at resection, and few lesions had escaped biopsy sampling. This may reflect the limitations in lesion assessment and characterisation among western compared to eastern endoscopists, where these flat or rectal lesions are erroneously judged to be resectable before the true extent or difficulty of ER is appreciated, and almost all large lesions are sampled in an attempt to confirm or exclude adenocarcinoma without realising the effect on subsequent ER.
Limitations
This study is limited by its retrospective design. The degree of submucosal fibrosis encountered was not prospectively classified. However, we aimed to determine outcomes for lesions subjected to prior substantial manipulation and not outcomes where submucosal fibrosis is encountered. We used minimal manipulation as a comparator group rather than no manipulation. However, we believe that it is more important to define outcomes for advanced endoscopic resection in standard specialist practice and the reality, as shown by these results, is that few large lesions escape insult in the form of injudicious attempts at resection, biopsy or poorly placed tattoo. A comparator group of completely naïve lesions would provide limited information of value to the practising advanced endoscopist.
In conclusion, almost half the lesions in a large western series of colorectal ER had been subjected to prior failed attempts at resection or heavy manipulation, while few lesions escape biopsy sampling. After prior attempts at resection, patients are less likely to have en bloc resection and are more likely to experience recurrence. Nevertheless, in an expert centre, the vast majority of patients can be successfully treated with ER. There is an urgent need to improve general lesion assessment and characterisation in western practice to guide appropriate decision making and referral.
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